The aims of the present study were to analyze the association between discontinuation of paroxetine (PAX) and the genetic variants of the polymorphism in the serotonin transporter gene-linked polymorphic region (5-HTTLPR) in Japanese patients with panic disorder (PD) and major depressive disorder (MDD).
Introduction
Continuation of psychopharmacotherapy is essential for the clinical outcome of depressive and anxiety disorders; however, factors that affect their discontinuation are not fully known. In clinical trials, discontinuation of antidepressants has been attributed to lack of clinical response, adverse effects, pharmacophobia in panic disorder (PD), 1 and depression. 2 Genetic polymorphism, which is related to adverse effects induced by the selective serotonin reuptake inhibitors (SSRIs), has not been linked to antidepressant discontinuation thus far. However, Perlis et al 3 reported that the short (S) allele of serotonin transporter gene-linked polymorphic region (5-HTTLPR) might contribute to agitation and insomnia with the administration of fluoxetine. Popp et al investigated 65 subjects who were administered antidepressants with a predominant serotonergic mechanism and reported that one-half of the subjects with the S/S genotype suffered significant adverse effects, 40% of subjects with S/long (L) genotype had side effects, but none of the subjects with the L/L genotype reported side effects. 4 Murphy et al reported that geriatric patients with S/S genotype of 5-HTTLPR showed more intense side effects with paroxetine (PAX) than subjects with the L/L genotype, and submit your manuscript | www.dovepress.com
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aoki et al subjects with the S/S genotype received a lower final dose of PAX and they had lower adherence than subjects with L/L genotype. 5 The 5-HTTLPR has been known as a functional polymorphism. In vitro, the activity of the L variant is more than doubled when compared to that of the S variant in the 5-HTT mRNA synthesis and 5-HTT expression, 6 which indicates that the 5-HTT gene transcription is affected by the 5-HTTLPR genetic polymorphism. 6 Stahl previously reported that PD patients are more sensitive to SSRIs than depressed patients, given that the former can readily manifest short-term deterioration of their symptoms during the initial phase of pharmacotherapy. 7 Consequently, PD patients should be initiated from a lower dose than depressed patients. 7 In addition, Louie et al asserted that PD patients comorbid with major depressive disorder (MDD) showed lower tolerance to SSRIs compared to those with MDD alone. 8 Against this background, the object of the present study was to investigate the association between the discontinuation of the initial PAX treatment and the genetic variants of 5-HTTLPR in Japanese patients with PD or MDD, and then to investigate the difference between these two diseases in relation to the discontinuation.
Patients and methods
PD patients
Fifty-two Japanese patients who were diagnosed as having PD, according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) criteria, and who were administered PAX 10 mg/day (paroxetine HCl; Paxil ® ; GlaxoSmithKline KK, Tokyo, Japan), were subjected to analysis in this study. All PD patients (20 men, 32 women; age, 33.9±8.3 years [mean ± standard deviation]; range of age, 20-58 years) were outpatients at Dokkyo Medical University Hospital (located in Mibu, Tochigi, Japan) and the Sakura La Mental Clinic (located in Utsunomiya, Tochigi, Japan). Body weight ranged from 40-95 kg (57.9±11.4 kg). The PD patients in this study were part of the subject group (n=65) in our previous study. 9 Out of 65 patients, 52 subjects with PD without MDD were selected, and their raw data from the clinical evaluations and the genotyping of 5-HTTLPR were used and reanalyzed in the present study.
Patients were permitted to take low doses of lorazepam (2.0 mg/day) when they had panic attacks, and patients who reported insomnia were allowed to be prescribed brotizolam 0.25 or 0.5 mg at bedtime. The severity of PD was assessed by using the Panic and Agoraphobia Scale observer-rated version 10 before initiating pharmacotherapy with PAX.
Patients were excluded from the present study if they had: 1) diagnosis of axis I other than PD; 2) diagnosis of axis II; 3) severe general medical condition or major abnormal laboratory test; 4) suicide risk; 5) history of substance abuse; 6) use of the 5-hydroxytryptamine (5-HT) agonist, benzodiazepines, antidepressants, antipsychotics before study entry; or 7) pregnancy. Written informed consent was obtained from all PD subjects. The present study was approved by the ethics committees of Dokkyo Medical University Hospital and the Sakura La Mental Clinic.
MDD patients
In addition, 88 patients who were diagnosed as having MDD, according to the DSM-IV-TR criteria and who were treated with PAX 20 mg/day for 2 weeks as initial treatment. All MDD subjects (29 men, 59 women; age, 46.8±13.6 years; range of age, 20-69 years) were outpatients at Hirosaki University Hospital (located in Hirosaki, Aomri, Japan). The 88 MDD patients were part of the subject group (n=120) in an earlier study. 11 Out of 120 subjects, 88 subjects with MDD whose genotype of 5-HTTLPR were selected, and their raw data were used and reanalyzed in the present study. Body weight ranged from 40-90 kg (56.3±10.0 kg). Clinical assessment by using the Montgomery-Åsberg Depression Rating Scale 12 was conducted before initiating pharmacotherapy. No other psychotropic drugs were administered other than diazepam (2-5 mg/day) for anxiety and brotizolam (0.25 mg/day) for insomnia.
Patients were excluded if they had: 1) diagnosis of axis I other than MDD; 2) diagnosis of axis II; 3) severe general medical condition or major abnormal laboratory test; 4) suicide risk; 5) history of substance abuse; 6) use of 5-HT agonist, benzodiazepines, antidepressants, antipsychotics, before study entry; or 7) pregnancy. The present study was approved by the Ethics Committee of Hirosaki University Hospital. Written informed consent was obtained from the patients.
assessment of discontinuation of pharmacotherapy
Patients who stopped taking PAX due to adverse effects were categorized as "discontinuation due to adverse effects." Patients whose plasma PAX concentration was below the limit of detection were categorized as "discontinuation due to nonadherence. 
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Factors affecting discontinuation of initial treatment with paroxetine in PD and MDD visit the hospital 2 weeks after starting PAX (ie, lost to follow-up) were categorized as "discontinuation due to untraceability."
Determination of PaX plasma concentrations
PAX plasma concentration was determined by high-performance liquid chromatography. 13 The lowest limit of detection was 0.5 ng/mL, and the interassay coefficient of variation was 5% at a PAX concentration of 1 ng/mL.
genotyping
The L and S alleles of 5-HTTLPR were determined by polymerase chain reaction as reported by Lesch et al 14 and Heils et al. 6 
statistical analysis
To examine the relationship between the demographic variables and the discontinuation of PAX treatment, multilogistic regression analysis was conducted. For comparison of the discontinuation rates between MDD patients and PD patients, the chi-square test or the Fisher's exact test (when data were sparse) was carried out. For comparison of the differences of demographic data between MDD patients and PD patients, the Student's t-test, Welch's t-test, and chi-square test, were used. Multilogistic regression analysis, chi-square test, Fisher's exact test, Welch's t-test, and Student's t-test were conducted with Dr SPSS II for Windows (SPSS Japan Inc., Tokyo, Japan) and IBM SPSS statistics version 19.0 (Japan IBM, Tokyo, Japan). P-values of 0.05 were considered significant.
Results
comparison between PD and MDD
To investigate the relationship between the discontinuation of PAX treatment in all patients (ie, PD plus MDD) and demographic variables, multilogistic regression analysis was performed with total discontinuation due to all reasons, discontinuation due to adverse effects, discontinuation due to nonadherence, and discontinuation due to untraceability as the dependent variables and age, sex, body weight, diagnosis of PD or MDD, and L/S or S/S genotype of 5-HTTLPR as independent variables. No significant relationships were found between any of the independent variables and discontinuation due to adverse effects, discontinuation due to nonadherence, discontinuation due to untraceability, or total discontinuation (ie, nonadherence plus adverse effect plus untraceability).
In the comparison between PD and MDD using the chi-square test and Fisher's exact test (Table 1) , PD patients had a significant and higher discontinuation rate due to nonadherence than MDD patients (13.5% [7/52] characteristics of PD patients PD patient demographics are described in Table 2 . The mean body weight of patients with the L/S genotype was significant and higher compared to subjects with the S/S genotype of 5-HTTLPR (P=0.026). No significant differences were observed in sex, age, number of panic attacks/week, or the Panic and Agoraphobia Scale score at baseline between patients with the L/S genotype and those with the S/S genotype.
Of the 52 PD patients enrolled, seven patients (13.5%) stopped taking PAX due to adverse effects, such as dry mouth, nausea, and diarrhea (discontinuation due to adverse effects). These seven patients reported that they stopped taking PAX because of adverse effects, but they consented to provide blood samples for determination of genotype. One patient did not come to the outpatient clinic (discontinuation due to untraceability). Additionally, seven patients (13.5%) had PAX plasma concentrations below the detection limit (discontinuation due to nonadherence). Thus, 15 patients discontinued, and 37 patients continued with PAX (Table 3) . Multilogistic regression analysis was conducted to examine the relationship between demographic variables and discontinuation of PAX treatment, with discontinuation due to nonadherence, discontinuation due to adverse effects, discontinuation due to untraceability, and total discontinuation as the dependent variables and age, sex, body weight, comorbid agoraphobia, and L/S or S/S genotype of 5-HTTLPR as the independent variables. No significant relationships were found between any of the independent variables and total discontinuation due to all reasons, discontinuation due to nonadherence, or discontinuation due to untraceability. The multilogistic regression analysis revealed a tendency for the L/S genotype to be associated with higher discontinuation rate due to adverse effects in PD patients compared to those with S/S genotype (25.0% versus 6.3%, respectively; P=0.054).
characteristics of MDD patients
MDD patient demographics are shown in Table 4 . There were no subjects with the L/L genotype. No significant differences were seen in age, sex, body weight, or initial MontgomeryÅsberg Depression Rating Scale score between the patients with the L/S genotype and patients with S/S genotype before starting PAX pharmacotherapy.
None of the patients discontinued due to nonadherence (Table 5 ), six discontinued due to adverse effects, including nausea and delirium. Also, eleven did not come to the outpatient clinic (discontinuation due to untraceability).
Accordingly, 17 patients discontinued, and 71 patients continued with PAX. Multilogistic regression analysis was conducted to investigate the relationship between discontinuation of PAX, discontinuation due to adverse effects, discontinuation due to untraceability, and total discontinuation as the dependent variables and age, sex, body weight, and L/S or S/S genotype of 5-HTTLPR as the independent variables. No significant relationships were found between any of the dependent and independent variables.
Discussion
Discontinuation rate of SSRIs has been reported to be 16.8%-31.0% in MDD. 15 Goethe et al reported that the discontinuation rate was 26.9%, and discontinuation rate did not differ among SSRIs. 16 Total discontinuation rate in PD and MDD in the present study was 22.8%, which is concordant with the previous report. 15, 16 
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Factors affecting discontinuation of initial treatment with paroxetine in PD and MDD Stahl previously reported that patients with PD are typically initiated from a lower dose of SSRIs compared to depressed patients because their symptoms can easily worsen over the short term, worsening at the start of pharmacotherapy. 7 Toni et al reported a 10.6% discontinuation rate for antidepressants (PAX, imipramine, and clomipramine) due to adverse effects in a 3-year longitudinal study of PD, 1 which is very similar to that in PD (13.5%) in the present study. When taking the difference in daily dose of PAX between PD (10 mg/day) and MDD (20 mg/day) patients into account, PD patients might be more intolerant of PAX in the initial 2 weeks of treatment than MDD patients; indeed, the present results showed that they can experience adverse effects easily in this initial phase of antidepressant treatment.
Freire et al evaluated and analyzed personality traits in subjects with: PD without MDD; those with MDD without PD; those with PD and MDD; and control group by Maudsley Personality Inventory. 17 They reported that those with MDD without PD, and those with PD and MDD had significant lower extraversion score compared to control subjects, while a significant difference in extraversion score was not observed between subjects with PD without MDD and control subjects. Such difference in extraversion score might explain the behavioral difference under pharmacotherapy with PAX between two disorders in the present study. That is, when the treatment is not beneficial because of the lack of efficacy and/or adverse effects, MDD patients tend to stop the treatment without consultation with their doctor in charge (ie, untraceability) because of their introversion tendency; however, PD patients tend to pretend to be adherent with pharmacotherapy without taking their drugs (ie, nonadherence).
A meta-analysis of 26 studies reported the trend of association between the 5-HTTLPR S allele and the increased scores of anxiety-related personality trait (P=0.087). 18 Yamakawa et al found that among 264 women with metabolic disease, those with S/S genotype of 5-HTTLPR showed significantly reduced fasting blood glucose following nutritional intervention both over the short (11 weeks) and long (23 years) term, 19 although they stopped short of confirming an association between adherence to the intervention and 5-HTTLPR polymorphism. Thus, the S/S genotype of the 5-HTTLPR might be associated with anxiety-related personality trait, which leads patients to favorable adherence; however, such association was not observed in the present study.
Whether 5-HTTLPR might contribute to the risk of adverse effects with SSRIs is uncertain; however, Perlis et al asserted that the S allele of 5-HTTLPR might contribute to the risk of insomnia and agitation with fluoxetine treatment in patients with MDD, 3 while no such association was seen in MDD patients in the present study. One possible explanation is the difference of duration of observation (12 weeks in the report from Perlis et al 3 and 2 weeks in the present study). The results of the present study also indicate that discontinuation rate in the subjects with the L/S genotype of 5-HTTLPR showed a higher tendency of discontinuation rate due to adverse effects compared to those with S/S genotype in PD, while no such association was seen in MDD patients in the present study.
Of course, there are several limitations that should be mentioned in the present study. First, duration of observation was relatively short, ie, 2 weeks. Second, numbers of the subjects in both of PD and MDD group were relatively small. The power of each statistical analysis was calculated and yielded values ranging from 0.05-0.746, which suggests no statistical significant differences are associated with low statistical power, which might result in type II error.
Additionally, the CYP2D6 genotype has significant impact on pharmacokinetics of PAX even in Asian population, 20, 21 which means activity of CYP2D6 is one of the confounding factors; however, the CYP2D6 genotype has not been determined in the subjects in the present study. Our preliminary findings should be replicated in a larger number of subjects and under longer duration of observation to draw firm conclusion.
Conclusion
The findings of the present study indicate that 5-HTTLPR genotype might be one of the factors that are related to the discontinuation of initial PAX treatment due to adverse 
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